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This investigation was uud~rtak:en at the United States Naval 
Postgraduate School during the winter of 1949 - 1950. It was 
undertaken to :find out whe.t, if any• relation existed between the 
change in the height or the 700 millibar surface over a surface low, 
end the following day's cantral pressure of thA surface low. The 
data was obtained from analyzed surface and 700 millibar maps on 
file at the United States Naval Postgraduate School (Aerology). 
Monterey, California. 
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There are various rules and formulae that have been derived 
by meteorologists since the scienoe was first recognized. From 
these rules and formulae I have picked a few that Will serve as 
a review. a basis for discussion of methods, end for the possible 
Clues for future investigations. 
First the rules for forecasting the 700 millibar chart. 






U is the mean speed ot the westerlies 
c is the mean speed of the system 
At is the amplitude of the isotherms 
~is the empli tude of the isobf:\rSe 
With the aid of this formula it can be said that: (1) When oold 
air moves into a system the 700 millibar surface will fall, and 
when warm air moves in, it will riseJ (2) The more nearly the 
winds blow normal to the isotherms, the faster the trough will 
move. Both of these statements are related to familiar advection 
rules. 
2. The mean temperature change in degrees centigrade is in 
the mean approximately equal to the pressure change in millibars 




3. Height rises at 700 millibar level wi 11 occur in 24 ho1~rs 
over regions of lowest mean temperature, and falls over highest 
mean temperature. This cen be interpretated to say that the regions 
of lowest mean temperature naturally has to have warm air advection, 
which will raise the 700 millibar surface, and vice versa. 
4. Maj or troughs and ridges of long wave length tend to persist 
with minor troughs deepening when they pass through major troughs, 
and filling when they pass through major ridges. This is based on 
empirical results, no assumptions. 
The rules for forecasting the deepening and filling of waves, 
and systems on the surface that are of interest are: 
1. A wave will be unstable and deepen if the 700 millibar winds 
over it possess re le.ti ve cyclonic vorticity, and it wi 11 be stable 
if these winds have relative anti-cyclonic vorticity. This simply 
states that if a wave cyclone extends vertically to near 101 000 feet 
it will deepen, whereas if it is shallow, it will not. 
2. If there are several waves along a front, the one with the 
most intense cyclonic vorticity aloft will develop at the expense of 
the others. This is usually the one nearest the axis of the trough 
aloft. The basis for this rule is the same as the previous one. 
3. Waves develop along a front when the 700 millibar flow is 
alone the front. or nearly so. This is an empiricnl result that 
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v 
agrees with the fact that waves are more apt to form on slowly mov-
ing cold fronts than on rapidly moving ones. 
4. A cyclonic center Will deepen when the zero iee.llobar is 
to the rear of the center, and fill when it is ahead of the center. 
This is one of Petterssen's rules that are based on the past three 
hour tendencies, not on what ie going to happen during the forecast 
period. Also, the pressure tendencies are difficult to measure ac-
curately, and are often non-representative. 
5. A pressure system as a whole deepens when the planimetric 
value of the barometric tendency within a closed isobar is negative. 
This is another of Petterssen's rules, and the same connnents apply. 
6. A cyclonic center deepens, or fills, with a speed that is 
equal to the barometric tendency at its center. This rate remains 
almost constant until six to twelve hours after occlusion sets in; 
the deepening then decreases and chenges gradually into slow filling. 
This rule is based on empirical results, and is quite reliable. 
Two fundamental equations can be thought of as the basis of an 
investigation of this type. (1) The familiar hydrostatic equation, 
-dp • e gdz 
and (2) 
z100 • Z1000 + A z1000-100 
By differentiating the second equation with respect to time. the 
following is obtained: 
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, 
D Z700 • .ozlOOO +- 6 (.6Z)l000-700 
where: 
6 Z1000 is the change in the'height of the 1000 
millibar surface, with respect to time. 
AZ700 is the change in height of the 700 milli-
bar surface, with respect to time. 
l:l (liZ)1000_700 is the rate of change of the dif-
ference between the height of the 700 millibar 
surface and the 1000 millibar surface, with re-
spect to time. (This term has been neglected 
in this paper. ) 
In obtaining the data for the results presented in this 
paper the .following method was used. First, I determined the 
position and central pressure of' the surface low pressure field 
as accurately ae possible, using interpolation where necessary. 
Then the 700 millibar height was ta.ken over the previously de-
termined center of the surface low, on successive days. Twenty 
four hour tendencies were determined, and then by statistics the 
correlations between the change in the 700 millibar ht!light end 
the following twenty four hour change in the surface pressure 
were calculated. 
Difficulties arose immediately due to the lack of continu-
oue, consistent map analyses. By that, I mean that there were 
Staff' analyses, and then on holidays and weekends there were fee-
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simile maps, since most of the systems were in the northern portion 
of the North American continent where reports were scarse, the problem 
of determining location and central pressure of surface systems, and 
heights of 700 millibar surfaces presented themselves. For this rea-
son consistent analyses were all important. Also, due to the move-
ment of the systams, and the neoessi ty to have a system within the 
realm of reliable reports for thirty six hours or more, in order to 
obtain even one set of values it was possible to use only twenty four 
systems, or a total of fifty one sets of values, in the four months 
investigated before they moved out of range of available charts. 
The results were negative, proving that there is no correlation 
between persmeters used. Correlation of all values obtained was only 
0.01, with a standard deviation of the 700 millibar surface of 287 
feet, end of the surface pressure of 9.27 millibars. Month by month 
correlations, however, varied from 0.79 to 0.00, and seemed to have 
no controlling factor, such as average zonal index between 35° and 65° 
north over the North .American continent for each of the four months 
investigated. (ref page 8 for tabulated results). A plot of all 
values obtained was very misleading due to tha appearance or a posi-
tive trend on the scatter diagram. This trend existed not only on 
the plot of all values. but on the month by month plots as well. 
(Diagrams l thru 8). 
Possible future work along this line could investigate the 
correlations between any of the f~llowing: 
6 
1. Change in the mean temperature of the layer between 700 
and 1000 millibars and the following day's change in the surface 
pressure as brought out in rule two concerning the 700 millibar 
heights. 
2. Changes in the relative vorticity and the following day's 
change in the surface pressure. although the assigning or a value to 
the relative vorticity would be difficult. 
3. Changes in height of higher elevations i.e. 300 or 200 
millibar heights. and the following day's change in surface pressure. 
following similar methods used in this investigation. These higher 
levels are suggested in order to allow more time lag, that is th.A 
time taken for changes in the upper atmosphere to be reflected on 
the surface. The ~renty four time interval used in this pa.per may 






·ch -3.60 15.95 
rember 6.63 8.53 
~ember 3.96 23.93 
iuary -3.55 41.91 
·ent 
?Ula ti on o.ss 
x = Az in tens of feet 







4.48 13.9 3.68 
11.41 19.71 9.84 
8.72 18.61 6.43 
9.12 37.75 7.95 
9.27 22.55 7.20 
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...... 
R sx S i.-y 
o.79 96.23 7.63 
o.oo 72.76 130.19 
0.20 549.73 73.16 
o.os 1756.41 83.06 
0.01 823.2 85.93 
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